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acetylene  polymerization.  They  also  provide  a  functional  equivalent  (an 
acetylene)  of  the  organometallic  cocatalysts  like  ethylaluminum  dichloride, 
unique  in  operating  in  the  absence  of  strong  Lewis  acid  metal -halides . 
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If  Che  reason  that  metal-carbenes  polymerize  acetylenes  is  because  the 

1  2 

transformations  involve  the  steps  in  Scheme  1,  *  then  combining  metal- 


g.fihflttS.,1 


R  R 
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carbenes  and  acetylenes  should  generate  other,  possibly  more  reactive  metal- 

carbenes  that  might  initiate  transformations  their  precursors  could 

not.  We  recently  discovered  that  acetylenes  can  induce  olefin  metathe- 
3  4 

ses,  ’  and  we  are  reporting  here  how  the  process  can  be  made  to  work 
generally,  and  remarkably  stereospecifically.  We  have  discovered  that 
acetylenes  not  only  induce  the  reactions,  but  quench  them  as  well,  and 
in  an  accompanying  paper  we  analyze  why. ^ 

Table  1  shows  that  if  200  equivalents  of  three  cycloalkenes  are  combined 

6 

with  1  equivalent  of  (phenylmethoxycarbene)pentacarbonyltungsten  1,  no 
la  7 

polyalkenamers  ’  form,  but  that  if  phenylacetylene  is  present, 

the  reactions  (eq  1)  do  indeed  take  place,  even  if  slowly.  However,  preli-  / 


<  *oY 


Binary  attempts  to  effect  the  analogous  transformation  with  the  seemingly  /  y/\ 

/  b  .  "  Q  °<>X 

related  molecule  cis-2-pentene  were  ineffective,  even  when  ever  larger  /\  Y, **4>~  °v» 
amounts  of  acetylenes  and  large  amounts  of  metal-carbenes  were  used/^^  Y  \V* 
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as  initiators.  Thus  200  equivalents  of  phenylacetylene  and  7  of  J  after  6 

/O  C*V 

(  1  +  j:—w(co)5  ♦  c,h8c*ch 

ch3o 

days  at  50  °C  converted  ICO  equivalents  of  cis-2-pentene  into  less  than  half 
an  equivalent  of  the  butenes  plus  hexenes  although  67Z  of  the  phenylace¬ 
tylene  was  transformed  and  Isolated  as  its  polymer. 

The  key  to  bringing  about  the  reactions  more  efficiently,  it  turns 
out,  is  to  use  less  (not  more)  of  the  acetylene.  Fig.  1  illustrates  this 
for  combinations  of  cydopentene  (100  equiv.),  phenylacetylene  (varying 
amounts),  and  metal-carbene  J  (1  equivalent),  for  it  shows  that  the  inverse 
of  the  yield  of  polypentenamer  increases  linearly  with  the  concentration  of 

g 

phenylacetylene.  Notice  according  to  this  graph,  that  to  achieve  a  100Z 
yield,  one  simply  has  to  use  no  phenylacetylene  at  all! 

Similar  increases  in  yields  with  decreasing  acetylene  concentration 


have  been  measured  for  other  olefins  and  are  illustrated  by  the  enhanced 
rates  of  conversion  (compared  to  the  ones  described  above)  in  Table  2. 


Table  1.  Yields  of  Polyalkenamers  obtained  in  Metatheses  Induced  by 
Combining  Cydoalkenes  (200  equiv.),  Phenylacetylene  (10  equiv.),  and 
Metal-Carbenes  J  (1  equiv.)  at  50  #C.- 

Cycloalkene-  Time  (days)  Yield-*-  (2) 

5  7  19 

7  13  16 

8  24  7 

-  In  the  absence  of  phenylacetylene,  the  three  cydoalkenes  after  7, 

26,  and  24  days  respectively  gave  no  polyalkenamers.  -  Humber  of 
carbons.  -  The  yields  are  those  of  the  polyalkenamers  Isolated  by 
dissolving  the  reaction  products  in  C^C^,  precipitating  with  CH^OH, 
and  drying  in  a  vacuum.  They  may  be  in  error  by  ca.  20%  (relative) . 

-  After  5  days  neither  cycloheptene  nor  cyclooctene  polymerized  appre¬ 
ciably  (<  ca.  6Z),  for  the  reaction  mixtures  were  not  yet  significantly 
viscous . 

Tgbl«^.  Yields  and  Molecular  Heights  of  Products  Obtained  in  Metatheses 
Induced  by  Combining  Olefins  (100  equiv.),  Phenylacetylene  (1  equiv.),  and 


Metal-Car bene 

1  (1  equiv.) 

at  50  °C. 

Time 

Yield 

M* 

Olefin 

(days) 

(2) 

W-3 

xlO 

n_3 

xlO  J 

cycloheptene 

2 

16- 

321 

135 

cyclooctene 

3.5 

QO 

281 

147 

cis-2-pentene 

7 

7.9£ 

^Molecular  weights  were  analyzed  by  gel  permeation  chromatography  in  toluene 
on  Haters  Associates  y-styragel.  The  values  recorded  are  half  the  weights  of 
Che  polystyrenes  that  would  exhibit  the  chromatograms  observed  (see  references 

5  and  9).  -  ±  ca.  20Z  (relative).  -100  (moles  butene  +  moles  hexene)/ 

moles  pentene.  The  error  is  ca.  4Z  (relative) . 
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These  metatheses  can  be  very  highly  stereoselective.1®  For  cyclohep- 

tene  (IR  analysis:11  97±1Z  cis,  13CNMR:12  >96Z) ,14  cyclooctene  (IR: 

94.3±2Z  cis,  13CNMR:  94±1Z),13  and  cls-2-pentene  (the  2-butenes  are  96. 5± 

18 

0.6Z  cis,  the  3-hexenes  93.7±0.8Z  cis),  although  not  for  cydopentene 
(IR:  74±8Z  cis,  13CMR:  58Z),2®  the  stereoselectivities  are  substan¬ 
tially  higher  than  for  every  other  initiator  previously  studied, 

9  19 

with  one  significant  exception,  (diphenylcarbene)pentacarbonyltungsten  (£).  * 
This  is  a  remarkable  observation,  yet  it  agrees  with  the  introductory  pre¬ 
mises  because  the  effect  of  the  transformation  in  Scheme  1  is  to  convert 
metal-carbene  ^  into  a  substance  whose  structure  is  essentially  that  of  2. 

The  acetylene  is  thus  an  activator,  but  unlike  the  organometallic  co¬ 
catalysts  like  CjH^AlC^ ,  which  it  replaces,  it  is  unique  in  operating 

in  the  absence  of  strong  Lewis  acid  metal -halides,  whose  presence  may 

19  21 

account  for  why  most  metatheses  are  only  weakly  stereoselective  *  and  for 

22 

why  some  are  accompanied  by  undesirable  side-reactions. 

The  observation  that  acetylenes  induce  metatheses  supports  the  idea 
that  acetylene  polymerization  like  olefin  metathesis  involves  the  addition 
of  metal-carbenes  to  carbon-carbon  multiple  bonds.  The  observation  that 
acetylenes  quench  metatheses  too  is  also  in  accord  with  the  hypothesis 
as  analyzed  in  the  following  paper.3 
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Figure  1.  Inverse  of  Che  yield  of  polypentenamer  as  a  function  of  the 
ratio  of  phenylacetylene  and  cyclopentene.  Cyclopentene  (100  equiv.), 
phenylacetylene  (varying  amounts),  and  ^  (1  equiv.)  were  combined  at 
50  aC  for  21.5  h.  The  bars  show  the  errors  introduced  if  the  weight  of 
the  polymer  obtained  from  680  mg  of  cyclopentene  is  measured  incorrectly 
by  10  mg.  The  yield  (100Z)  at  [phenylacetylene]  ■  0  is  derived  from 
theory  (see  reference  5).  The  slope  and  standard  deviation  are  those  of 
the  least  squares  straight  line  through  the  first  four  points,  weighted 
as  the  inverses  of  the  relative  errors  in  the  Inverse  yields.  The  last 
three  points  were  discarded  because  when  the  yields  and  molecular  weights 
are  low,  the  fraction  of  polymer  lost  in  the  isolation  can  be  high.  (These 
points  therefore  all  appear  above  the  line.) 


(1/%  YIELD)  x  10 


(2)  Masuda,  T. ;  Sasaki,  N.;  Higashimura,  T.  Macromolecules  1975,  8,  717. 

(3)  (a)  Katz,  T.J.  Adv.  Organomet.  Chem.  1977,  1£,  283.  (b)  Grubbs,  R.H. 

Prog.  Inorg.  Chem.  1978,  24^,  1.  (c)  Rooney,  J.J.;  Stewart,  A.  Catalysis 
(London)  1977,  2>  277.  (d)  Calderon,  N.;  Lawrence,  J.P.;  Ofstead,  E.A. 

Adv.  Organomet.  Chem.  1979,  12,  449.  (e)  Haines,  R.J.;  Leigh,  G.J. 

Chem.  Soc.  Rev.  1975,  1.  (f)  Mol,  J.C.;  Moulijn,  J.A.  Adv.  Catal. 

1975.  24,  131. 

(4)  Some  of  the  results  were  discussed  at  the  3rd  NSF  Workshop  on  Organ o- 
metallic  Chemistry,  Pingree  Park,  Colorado,  July  16,  1979,  and  at  the 
3rd  International  Symposium  on  Olefin  Metathesis,  Lyons,  France,  Septem¬ 
ber  12,  1979.  See  Katz,  T.J.;  Lee,  S.J.;  Shippey,  M.A.  J.  Molec.  Catal. 
1980.  8,  219. 

(5)  Katz,  T.J. ;  Savage,  E.B. ;  Lee,  S.J.;  Nair,  M.  J.  Am.  Chem.  Soc.,  1980, 
accompanying  manuscript. 

(6)  (a)  Fischer,  E.O.;  MaasbSl,  A.  Chem.  Ber .  19d7,  100,  2445.  (b)  Aumann, 

R. ;  Fischer,  E.O.  Angew.  Chem.  Int.  Ed,  Engl.  1967,  £,  878.  (c)  Darens- 
bourg,  D.J.  Inorg.  Chem.  1970,  9_,  32. 

(7)  Dall'Asta,  G.  Rubber  Chem.  Technol.  1974,  42,  511. 

(8)  The  form  of  this  relationship  is  discussed  in  reference  5. 

(9)  Katz,  T.J.;  Lee,  S.J.;  Acton,  N.  Tetrahedron  Lett.  1976,  4247. 

(10)  One  set  of  samples  was  prepared  by  combining  100  equiv.  of  each  olefin, 

1  equiv.  acetylene,  and  1  equiv.  ^  at  50  ®C.  Other  samples  were  pre¬ 
pared  using  somewhat  different  ratios,  and  for  cydooctene  and  cyclo- 
heptene  some  were  prepared  at  65  °C.  Ho  obvious  difference  was  noticed 
in  the  measurements  of  their  stereochemistries,  which  ate  averaged  here. 
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(11)  Measured  by  the  ratio  of  the  intensities  of  the  infrared  peaks  at  ca. 

1400  and  960  cm-1.  See  reference  9,  footnote  16. 

(12)  The  intensities  of  the  trans  and  cis  C-2  resonances  (see  reference  9,  the 
references  in  its  footnote  18,  and  reference  13)  were  measured,  and  for 
polyoctenamer  those  of  the  two  olefinic  carbon  resonances  as  well. 

(13)  (a)  Carmen,  C.J.;  Wilkes,  C.E.  Macromolecules  1974,  1_ ,  40.  (b)  Chen, 

H.Y.  Appl.  Polym.  Spectrosc.  1978,  _7. 

(14)  Except  in  reference  9,  polyheptenamer  has  previously  been  obtained  6- 
39Z  cis  in  3-18Z  yield:  (a)  Natta,  G. ;  Dall'Asta,  G. ;  Bassi,  1.; 

Carella,  G.  Makromol.  Chem.  1966,  91,  87.  (b)  Porri,  L. ;  Diversi,  P.; 
Lucherini,  A.;  Rossi,  R.  ibid.  1975.  176.  3121.  (c)  Brit.  Pat.  1  062  367, 
1967. 

(15)  WClg  (or  in  one  case  a  tungsten-carbene)  +  organoaluminum  compounds  have 
given  polyoctenamers  that  are  largely  trans. 16  At  low  tempera¬ 
tures  in  the  presence  of  certain  modifiers  [BF3» (C2H5)20  at  -30  °C  or 
diisobutylaluminum  oxide  at  +12  aC]  or  when  WFfe  is  used  in  place  of 
WClg,  the  polymer  formed  is  said  to  be  largely  cis.17 

(16)  (a)  Calderon,  N. ;  Morris,  M.  J.  Polym.  Sci.  Part  A- 2  1967.  5,  1283. 

(b)  HBcker ,  H. ;  Musch,  R.  Makromol.  Chem.  1974.  175.  1395.  (c)  Arlie, 
J.-P.;  Chauvin,  Y.;  Commereuc,  D. ;  Soufflet,  J.-P.  ibid.  1£74,  175.  861. 

(17)  (a)  Syatkowaky,  A. I.;  Denisova,  T.T.;  Ikonitsky,  I.V.;  Babitsky,  B.D. 

J.  Polym.  Sci.,  Polym.  Chem.  Ed.  1979,  L7,  3939.  (b)  Zimmerman,  M. ; 
Lehnert,  G. ;  Maertens,  D. ;  Pampus,  G.  Ger.  Of fen.  2  334  604,  1975. 

(c)  Dall'Asta,  G. ;  Manetti,  R.  Ital.  Pat.  932  461,  1971,  mentioned  in 
reference  7,  p.551.  (d)  Castner,  K.F.  U.S.  Pat.  4  038  471,  1977;  Chem. 
Abstr.  1978.  87,  152726a. 
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(18)  The  stereochemistries  were  measured  for  Che  reactions  of  2-pentene  when 
Che  extents  of  metathesis  were  between  6  and  8%.  Except  In  reference 
19,  2-butene  has  never  been  obtained  more  than  83%  cis  (and  that  only 
at  "zero  time";  more  commonly  it  is  58%  cis  at  zero  time).  The  3- 
hexene  is  formed  even  less  stereospecifically .  See  the  references 

in  footnote  2  of  reference  19.  Also  (a)  Leconte,  M. ;  Basset,  J.M. 

J.  Am.  Chem.  Soc.  ^79,  101.  7296.  (b)  Leconte,  M. ;  Ben  Taarit,  Y.; 

Bilhou,  J.L.;  Basset,  J.M.  J.  Molec.  Catal.  1980.  8,  263. 

(19)  Katz,  T.J.;  Hersh,  W.H.  Tetrahedron  Lett.  ^T77,  585. 

(20)  The  polypentamer  formed  by  2  is,  as  here,  not  as  highly  cis  as  the 

9 

other  polyalkenamers. 

(21)  For  additional  Indications  that  the  stereoselectivity  of  cyclopen- 
tene's  metathesis  falls  with  added  aluminum  compounds  and  with  tem¬ 
perature  see  (a)  K.J.  Ivin,  D.T.  Laverty,  and  J.J.  Rooney,  Makromol. 
Chem.,  178,  1545  (1977)  and  (b)  I. A.  Oreshkin,  Bull.  Acad.  Sci.  USSR. 

Div.  Chem.  Sci.,  26,  2377  (1977);  Eur.  Polym.  J..  13,  447  (1977). 

(22)  (a)  Hocks,  L.;  Noels,  A.;  Hubert,  A.;  Teyssie,  P.  J.  Org.  Chem.  1976.  41, 
1631  and  references  therein,  (b)  Wolovsky,  R. ;  Moaz,  N. ;  Nir,  Z.  Synthesis 
1970,  2.,  656.  (c)  Graham,  J.R.;  Slaugh,  L.H.  Tetrahedron  Lett.  1971, 

787.  (d)  Zowade,  T. ;  HBcker,  H.  Makromol.  Chem.  1973.  165.  31.  (e) 

Wang,  J.L.;  Menapace,  H.R.  J,  Org.  Chem.  ]^68,  33,  3794;  (f)  Menapace, 
H.R.;  Maly,  N.A.;  Wang,  J.L.;  Wideman,  L.G.  J.  Org.  Chem.  ^975,  40,  2983. 
(g)  Vialle,  J. ;  Basset,  J.M.  Reaction  Kinetics  and  Catal.  Lett.  3^7§, 
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